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ABSTRACT

The objective of this review is to identify individual susceptibility factors and determine their role in the association between
work-related exposures and contact dermatitis (CD). A scoping review was conducted using Medline, Embase, and CINAHL.
Cohort and case-control studies were included for all types of CD, and cross-sectional studies for allergic contact dermatitis
(ACD). In the absence of meta-analysis, we drew qualitative inferences summarising the findings. Twenty-one studies, primarily
cross-sectional (n=18), investigated how 44 individual susceptibility factors influenced associations between 53 work-related
exposures (from six exposure categories) and CD. These factors were grouped into five categories: demographic, socioeconomic,
host-related intrinsic factors, lifestyle, and exposures outside work. The factors variously mitigated, amplified, or had no effect
on the exposure-CD association. The role of individual susceptibility factors in work-related exposure-CD associations remains
underexplored and inconclusive. Determining their individual contributions is challenging, as studies often adjust for multiple
factors, with inconsistent influence on the association. Age, sex, atopic history, hand eczema, smoking, and ethnicity may influ-
ence CD risk and should be considered in studies examining work-related exposure-CD associations. Further research is needed
to clarify the role of individual susceptibility factors and guide effective prevention strategies for occupational CD.

1 | Introduction to physical and/or chemical agents, resulting in inflammation
and activation of the innate immune system. ACD, on the other

Contact dermatitis (CD) is an inflammatory skin condition that hand, is associated with type IV delayed-type hypersensitivity,

results from direct skin contact with skin-irritating factors or
allergens [1]. The primary types of CD include irritant contact
dermatitis (ICD) and allergic contact dermatitis (ACD) [2]. ICD
is caused by direct damage to the skin barrier after exposure

involving both innate and acquired immunity [2]. Common
skin irritants include water (wet work), detergents, degreasing
agents, and solvents, while key allergens include metals (e.g.,
nickel, cobalt, chromium), isocyanates, preservatives such
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as isothiazolinones, rubber, and epoxy resins [3-5]. When ex-
posure to such irritants or allergens occurs in the workplace,
resulting cases of ICD and/or ACD can be classified as occupa-
tional CD [6].

Occupational CD is the most prevalent occupational skin dis-
ease, accounting for 95% of all reported cases [3]. ICD consti-
tutes approximately 80% of CD cases, while ACD accounts
for the remaining 20%, although this varies by occupation [7].
Occupational CD places a significant burden on affected in-
dividuals and society, with annual healthcare and productiv-
ity costs exceeding $1 billion in the United States alone [2, 8].
Epidemiological studies estimate an annual incidence of 5-19
registered cases of occupational CD per 10,000 full-time work-
ers, with a 1-year prevalence of around 10% and a lifetime preva-
lence of approximately 20% [7-9]. However, the true prevalence
is likely much higher due to underreporting of mild cases, po-
tentially by a factor of 20-50 [7]. Certain subgroups, particularly
those in high-risk occupations such as healthcare, hairdressing,
and construction, are at increased risk of CD due to prolonged or
intense exposure to irritants and allergens [4, 6, 10, 11].

Although work-related exposures form a significant risk factor,
individual susceptibility—defined in this review as the combi-
nation of non-work-related factors such as demographic, socio-
economic, personal and family history of atopic skin diseases,
and environmental factors such as lifestyle choices and non-
occupational co-exposures—has the potential to play a crucial
role in the association between work-related exposures and CD
[12, 13]. Various modifiable and non-modifiable susceptibility
factors may explain why some individuals develop CD under
similar exposures while others do not. Non-modifiable factors
include inherited traits, such as variations in genes that influ-
ence the skin barrier function and immune response, sex, ethnic
background, and pre-existing health conditions, with atopic der-
matitis (AD) being the most significant, while modifiable factors
involve lifestyle and environmental factors such as smoking, al-
cohol consumption, diet, physical activity, and co-exposures at
home [11, 12, 14]. Such factors have the potential to individually
or collectively mediate, moderate, and/or confound the associa-
tion between work-related irritant/allergen exposures and CD
[11, 12, 14-16]. Due to the different pathophysiology of ACD
and ICD, non-work-related susceptibility factors might differ be-
tween the two types of CD [6]. However, there is some degree of
overlap, particularly in factors related to innate immunity and
skin barrier function.

Individual susceptibility has gained attention in recent de-
cades, but it is often used interchangeably with terms like
vulnerability or predisposing factors, leading to conceptual
inconsistencies [6, 17]. Although some research has explored
how non-work-related factors affect occupational CD risk, their
influence on the association between work-related exposures
and CD remains poorly understood. To date, no reviews have
specifically addressed the role of individual susceptibility in
this association, indicating a significant gap in the literature.
Given the definitional ambiguity and heterogeneity across
studies, a systematic review is currently unfeasible. A scoping
review, however, could offer a structured preliminary evalua-
tion, enhancing understanding of individual susceptibility in
occupational CD.

The objectives of this review were therefore to identify individ-
ual susceptibility factors and determine their role in the associa-
tion between work-related exposures and CD.

2 | Methods

The protocol of this scoping review was published in the Open
Science Framework (OSF), on August 1, 2024 [18]. Deviations
from the protocol included expanding the study design from
cross-sectional studies on ACD to also include studies where
the type of CD was undefined, but where both irritant and al-
lergen exposures were present—indicating potential ICD and
ACD. In addition to non-work-related susceptibility factors, we
also reported work-related factors, as studies often adjust for a
combination of these two groups of factors. Reporting followed
the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses extension for Scoping Reviews (PRISMA-ScR) [19].

2.1 | Search Method

Conducted by a medical information specialist (FSJ) on
February 20, 2024, in MEDLINE (Ovid), Embase (Ovid),
CINAHL (Ebscohost), the literature search included both
standardised keywords (e.g., MeSH terms) and free text terms
such as “contact dermatitis/eczema,” “allergic/irritant derma-
titis,” “occupational/work,” “occupational exposure,” “risk fac-
tors/assessment,” and “causality,” as outlined in Supporting
Information S1. Retrieved citations were imported into Rayyan
for screening, and duplicates were removed using automated
and manual checks [20]. Reference lists of included papers were
reviewed to identify additional potentially relevant publications.

2.2 | Study Eligibility

Articles were included if they met the predefined PECO crite-
ria and the following additional eligibility criteria: (1) samples
included workers, apprentices, industries, or the general popu-
lation with known work-related exposure to irritants/allergens;
(2) diagnosis of (contact) dermatitis (ICD and/or ACD) was per-
formed clinically or via self-reports; (3) full-text articles reported
quantified effect estimates (e.g., prevalence ratios (PR), odds
ratios (OR), or hazard ratios (HR)) for non-work-related sus-
ceptibility factors that may mediate, moderate, or confound the
association between a work-related exposure and CD. This in-
cludes both unadjusted and adjusted estimates that account for
these factors in the association between work-related irritant or
allergen exposures and CD; (4) retrospective or prospective co-
hort, case-cohort, case-control, case-referent, or cross-sectional
studies (for ACD outcomes only, as risk factors are often investi-
gated using registry data or patch tests); (5) publication in a peer-
reviewed journal; (6) the article was written in English or Dutch.
See Supporting Information S1 for detailed selection criteria.

In the first round, one investigator (RJ) excluded clearly ir-
relevant articles, such as those with an incorrect population,
outcome, or study design [21]. In the second round, titles and
abstracts were screened independently by pairs of two investi-
gators (RJ, PC, SK, DMM, HFM, JLH) using Rayyan [20]. Final
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eligibility was assessed by screening the full-text articles in pairs
using a similar process. In the absence of consensus, a third in-
vestigator was consulted.

2.3 | Data Extraction and Analyses

Relevant study data were extracted by one investigator (RJ) and
verified by a second independent investigator (PC, SK, DMM,
HFM, JLH) using a predefined and piloted Excel spreadsheet.
The following data were extracted: study characteristics (e.g.,
first author, study design, duration/year); study population (e.g.,
occupation, sample size, sex distribution); exposure assessment
(e.g., exposure type, reported exposure, assessment tool); out-
come assessment (e.g., reported outcome, type of assessment,
assessment tool); the types and characteristics of the reported
individual susceptibility factors, and both the unadjusted and
adjusted (using individual susceptibility factors) effect estimates
for the association between a work-related exposure and CD. For
consistency, “hand eczema” was labelled as “hand dermatitis”
in the tables, and “(contact) dermatitis” was labelled as CD. In
addition, the type of CD (irritant or allergic) was recorded in the
tables if explicitly reported or determined based on the study's ex-
posure and outcome assessment method. Cross-sectional studies
reporting only contact or hand dermatitis with both irritant and
allergen exposures were categorised as mixed (indicating both
ICD and ACD). In such cases, the assumed predominant type
of CD was specified in the tables. The association for each ex-
posure was reported with its 95% confidence interval, allowing
comparison of the changes in magnitude and direction of effect
estimates with and without adjustment for susceptibility factors.

Although we did not consider statistical pooling feasible due to
substantial variability in exposures, outcomes, and factors, for-
est plots were generated for three major exposure categories: wet
work, glove use, and hand hygiene and sanitisation practices.
This allowed a visual assessment of the changes that occurred
in the exposure—outcome association as a result of adjusting for
non-work-related susceptibility factors and work-related factors.
We also calculated and tabulated the percentage change be-
tween unadjusted and adjusted associations within each study.

3 | Results
3.1 | Study Selection

Following the removal of duplicates, a total of 4066 articles re-
mained eligible for screening. Of these, 850 were excluded based
on their title by one author (RJ), and 2454 were excluded after title
and abstract screening, leaving 762 studies eligible for full-text
assessment. From this set, 741 studies were excluded, primarily
due to the absence or inadequate analysis of susceptibility factors.
Ultimately, 21 studies were included for data extraction and analy-
sis. The full study selection process is illustrated in Figure 1.

3.2 | Study Characteristics

The majority of included studies were conducted in Asian coun-
tries (n=10) [22-31], followed by European countries (n=7)

[32-35] and African countries (n=4) [36-42]. Most studies em-
ployed a cross-sectional design (n=18) [22-38, 40], while two
studies used a case-control design [41, 42] and one used a ret-
rospective cohort design [39]. Of the 17 studies that examined
occupations in specific sectors, the majority focused on the
healthcare sector (n=10) [22, 25-28, 31, 33, 37-39], followed
by agriculture (n=2) [23, 34], and one study each on cleaning
[35], automotive [32], hairdressing [24], construction [42], and
furniture manufacturing [30]. Most studies reported either
(hand) dermatitis or eczema (n=15) [23-29, 31, 36-38, 40] or
CD (n=6) [22, 30, 32-35], with mixed outcomes of ICD and ACD
in 18 studies [22-38, 40]. One study specifically focused on ACD,
identifying epoxy resins as a relevant contact allergen, with the
hand being the primary site of exposure and manifestation [42].
An overview of the study characteristics is presented in Table 1.
A total of 53 work-related exposures contributing to CD were re-
ported across diverse occupational settings, activities, and prac-
tices, including variations of (1) wet work exposure, (2) glove
use, (3) hand hygiene and sanitisation practices, (4) occupational
sectors and departments, (5) work duration and experience, and
(6) exposure to specific hazardous substances. Figure 2 outlines
the exposures, non-work-related factors, adjusted work-related
factors, and outcomes.

3.3 | Non-Work Susceptibility Factors
and Work-Related Factors in Adjustment

A total of 44 distinct factors, including both non-work suscepti-
bility factors and work-related factors, were adjusted for in the
analyses of included studies. Twenty studies examined combi-
nations of susceptibility factors, while one study specifically
assessed the role of sex [39]. We identified five main categories
of non-work-related susceptibility factors: demographic, socio-
economic, host-related intrinsic, lifestyle, and exposures out-
side work. Detailed examples of these categories are presented
in Figure 2. Additionally, 15 studies adjusted for work-related
factors beyond the main exposure, which were grouped into two
categories. The first, exposures at work, included variables re-
lated to the work environment and job characteristics. The sec-
ond, behavioural and preventive measures, encompassed factors
associated with individual practices and protective strategies. A
detailed overview of these factors is provided in Figure 2.

3.4 | The Role of Non-Work Susceptibility
Factors and Work-Related Factors on Exposure-CD
Associations

We evaluated whether the size and the direction of the uni-
variable associations between work-related exposures and CD
changed when non-work susceptibility factors and work-related
factors were adjusted for in multivariable analyses in the se-
lected studies. None of the studies explicitly used the terms
“confounder” or “effect modifier.” However, confounding ap-
pears to have been addressed by including various factors in
multivariable analyses [22-38, 40-42]. Additionally, one study
appeared to consider an effect modifier by presenting strati-
fied analyses [39]. The number of studies per exposure category
ranged from 4 to 13 studies, with some studies appearing in mul-
tiple exposure categories. The number of factors adjusted for in
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Records identified through
database searching (n=5393)

MEDLINE (Ovid) (n= 2186)
Embase (Ovid) (n=2701)
CINAHL (Ebsco) (n= 506)

Records after duplicates removed

and abstract (n=3216)

(n=4066)
A4
Records screened based on title —> Records excluded based on title (n= 850)
(n= 4066)
A4
Record d based on titl -
ecords screened based on fitle > Records excluded (n= 2454)

A

Full-text articles assessed for

eligibility (n=762)

\ 4

Studies included in quantitative
or qualitative synthesis
(n=21)

FIGURE1 |

multivariable analyses ranged from 2 to 11 variables. Although
many studies used statistical significance in univariable analy-
ses to select variables for multivariate models, none provided a
broader conceptual or theoretical rationale—such as confound-
ing or biological plausibility—for their choices. These studies
were not primarily designed to investigate the role of individual
susceptibility factors, which may limit the interpretability of our
findings.

Looking at the differences between univariable (work expo-
sures only) and multivariable analyses (additionally included
non-work susceptibility factors and work-related factors), we
observed considerable variations in the direction and magni-
tude of the role of non-work susceptibility factors and additional
adjustment for work-related factors on the association between
work-related exposures and CD. The influence of adjusting for
non-work susceptibility factors and work-related factors was ex-
amined separately for each exposure category outlined below:

Full-text records excluded with documented reasons

No full-text available (n=144)

No/inadequate individual sensitivity analysis (n=465)
Wrong outcome (n=84)

Wrong study design (n=25)

Language other than Dutch/English (n=12)

Wrong population (n=9)

Wrong publication (n=2)

PRISMA flow diagram illustrating the search and selection process.

+ Wet work was the most frequently studied category, in-
cluding handwashing frequency, prolonged wet hands
(>2h/day), or soap use. Unadjusted ORs generally showed
a positive association between wet work exposure and CD,
with most studies reporting ORs above 1, ranging from 0.61
to 12.18, as illustrated in our forest plot (see Figure 3) [23,
25-29, 31, 33, 35-38, 41]. This trend persisted after adjust-
ing for non-work susceptibility factors and work-related fac-
tors, with ORs still generally above 1 and changes ranging
from 0.3% to 82%. However, the direction of change after
adjustment varied between studies, with most indicating a
decrease in ORs [23, 25, 28, 33, 35, 36].

» Glove use was measured by wear time or number of glove
pairs used daily. Wearing gloves was generally associated
with an increased risk of CD in the univariable model,
with ORs above 1 (ranging from 1.03 to 40.0) [25-27, 33,
36-38, 41]. In the multivariable model, the ORs remained

4
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Exposures

e Wet work (WW)

¢ Glove use (GU)

¢ Hand hygiene and sanitisation practices (HHS)
e Occupational sectors and departments (OCC)
* Work duration and experience (WDE)

» Specific hazardous substances (SHS)

Non-work-related susceptibility factors

! | | ! }
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Demographic factors Socioeconomic factors Host-related intrinsic factors Lifestyle factors Exposures outside work
(n=38) (n=6) (n=23) (n=11) (n=12)
* Sex(17) ¢ Education (3) * General atopy (9) * Smoking (5) * Wet work (7)
e Age(17) ¢ Income (3) * Atopic dermatitis (4) *« BMI(3) * Face mask exposure (1)
* Place of residence (3) * History of atopic dermatitis (1) e Stress(2) * Glove use (1)
¢ Number of siblings (1) ¢ Family history of atopy (1) ¢ Alcohol * Taking care of small
* Previous history with skin consumption (1) children (1)
problems (1) * Childhood daycare (1)
¢ History of eczema (1) * Seasonal conditions (wet
* Previous hand eczema (1) vs. dry) (1)
* Dry skin (1)
* Contactallergy (1)
* Allergic sensitization
(respiratory and skin) (1)
* Positive patch test (1)
¢ Raised onafarm (1)
Adjusted work-related factors (other than main exposure)
Exposures at work Behaviours related to exposure and
(n=41 prevention (n=8)
* Hand washing frequency (7) *  Workplace training (3)
*  Workhours (6) * Knowledge of pesticide use and storage
*  Work duration/experience (5) (1)
¢ Professions, work deparment, and task * Use of hand moisturizer (2)
(5) * Use of personal protective equipment
¢ Hand sanitization use (4) (2)
¢ Hand glove use (wear time; number of
pairs) (4)
* Exposure to chemicals /gasses/fumes
(3)
¢ Employment status (2)
*  Wet work exposure (2)
¢ Job satisfaction (2)
¢ Nightduty (1)
Outcomes
¢ Allergic contact dermatitis (ACD)
¢ |rritant contact dermatitis (ICD)
¢ Mixed occupational contact dermatitis (both ACD and ICD)
FIGURE2 | Overview of the identified exposures, outcomes, individual susceptibility factors, and adjusted work-related factors, with the number

of studies reporting each factor indicated in brackets.

above 1; however, the direction of the associations became
inconsistent after adjusting for non-work-related suscep-
tibility factors and work-related exposures (see Figure 4).
While the ORs predominantly decreased, some studies
showed an increase in ORs in specific exposure catego-
ries, such as having a > 50% probability of wearing gloves
at work for more than 2h/day [41].

« Hand hygiene and sanitisation practices, particu-
larly alcohol-based disinfectant use, varied widely across

studies—from fewer than 10 to over 50 uses per day.
Univariable models showed considerable variability in ORs,
with approximately half of the studies reporting ORs above
1 and others below 1, indicating inconsistent associations
(see Figure 5). After adjusting for non-work susceptibility
factors and work-related factors, most studies suggested
a negative association, indicating a reduced likelihood of
CD among individuals using alcohol-based disinfectants at
work [31, 37, 38], with three studies reporting risk reduc-
tions greater than 10% [31, 37, 38].
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OR
Study with 95% CI
Brands 2022
Unadjusted'” ] 1.73[1.61, 1.86]
S, A, AD, CA, WWH, OWW = 136125, 148)
S, A, AD, CA, WWH, EDU, INC, OWW, ES, WH - 1.35(1.22, 149)
Unadjusted? - 1.93(1.74, 2.15]
S, A, AD, CA, WWH, OWW - 148[1.31, 167]
S. A, AD, CA, WWH, EDU, INC, OWW, ES, WH - 152[1.31, 176]
Unadjusted® - 220[1.95, 248]
S, A, AD, CA, WWH, OWW - 154[1.35, 1.76]
S, A, AD, CA, WWH, EDU, INC, OWW, ES, WH - 154(1.32, 1.80]
Lund 2020
Unadjusted - 296[259, 3.38]
S. A RCU4 - 381(332 4.37]
S, A, EDU, INC, RCU4, RES, AD, PPT, SM - 297(257, 343]
Hamnerius 2018
Unadjusted - 122(1.07, 139)
S, A — 1.25(1.05, 1.49]
S, A WWH —. 131(1.06, 162
S, A, WWH, BMI, SM,ST —a— 130(1.04, 162]
S. A, WWH, BMI, SM.ST, AD — 143[1.12, 183]
Hamnerius 2021
Unadjusted = 1.52(1.30, 1.78]
S, A, AD, WWH, FMH, WH - 178[143, 221]
Teo 2023
Unadjusted 319[1.82, 559

AD, AR, CCU4, DIS, HM —> 5.61[2.88, 10.94]

Techasatian 2021
Unadjusted
S, HE, AD, GH, OCC, HWM

1.551.09,
1.70 [ 1.05,

221)
2.75)

Ahn 2007

Unadjusted — > 470[1.90, 11.61]
S, A, C, HSP, SC, WWH, PP 3.00[1.13, 7.94)
Minamoto 2016

Unadjusted ——— 1.30[0.89, 1.89]
S, AD, AS, ARC, DS, MA, OCC, WH, WE, GWT, DIS 1.60[0.99, 2.58]

Lee 2013
Unadjusted
A, AD, DEP, WD, ND, GWT, HM

51218351, 4229]
——————>13.08( 348, 49.16]

Huang 2020
Unadjusted
S, CCU4, FA, AC, DIS, HDU

4.76[0.93, 24.33]
— > 486[1.04, 2276]

Mekonnen 2019

Unadjusted ——> 9.86(5.60, 17.35]
EDU, INC, PHA, WE, WH, JS, PG, PME, OSHT, GWT 1.80[1.06, 3.07]
Tesfaye 2022

Unadjusted 1.93[1.22, 3.05]
S, HE, DIS, PME, OSHT, JS 1.73[1.03, 291]
Smith 2003

Unadjusted 2.10[1.30, 3.40]
A, ALC, SAD, GWT, WD, OCC 2.00[1.19, 337]

Protective effect | Adverse effect

2 4 8

+ Work duration and experience, measured by daily or
weekly hours or years, showed that prolonged work ex-
perience (>10years) generally increased the risk of CD,
with ORs ranging from 0.52 to 3.81 in the univariable

FIGURE 3 | Forest plot of unadjusted and adjusted odds ratios for the
exposure category “wet work (WW)” across studies. Superscript numbers
1,2 and 3 refer to distinct exposures reported within the same study. These
correspond to the specific exposures listed under the same reference in
Table 2. S, sex; A, age; AD, (history of) atopic dermatitis/eczema; CA,
contact allergy; WWH, wet work at home; OWW, occupational wet work;
EDU, educational attainment; INC, income; ES, employment status; WH,
working hours per day/week; RES, residence; RDC4, resident children
under 4; PPT, positive patch test; SM, (estimate of) smoking; BMI, Body
Mass Index; ST, stress; FMH, face mask use at home; AR, allergic rhinitis;
CCU4, childcare for children under four; DIS, alcohol-based hand scrub
disinfectants (use/frequency); HM, hand moisturiser; GH, glove use at
home; OCC, occupation; HWM, hand washing method; HSP, history of
skin problems; SC, seasonal conditions; PP, personal protective measures
use; AS, asthma; ARC, allergic rhinoconjunctivitis; DS, dry skin; MA,
metal allergy; WE, work experience; GWT, glove wear time; DEP, work
department; WD, work duration; ND, night duty; FA, food allergy; AC,
allergic conjunctivitis; HDU, frequent hair dye use; PHA, personal history
of allergy; JS, job satisfaction; PG, pairs of gloves used per day; PME, peri-
odic medical examination; OSHT, occupational safety and health (OSH)
training; ALC, alcohol consumption; SAD, systematic allergic diseases.

models [24, 26, 27, 33, 42]. Univariable analysis showed
inconsistent patterns for weekly working hours, with
ORs ranging from 0.88 to 7.37 [27, 33, 34, 36, 42|. After
adjustment, more than 10years of work experience pre-
dominantly indicated a protective effect, reducing ORs
by 1% to 50%, although the ORs mostly remained above
1. Notably, Lee et al. observed an increased risk among
nursing staff with 5-10years and more than 10years of
work experience after adjustment, with OR increases of
32% and 256% [26]. Adjusted ORs for working hours show
mixed results. Brands et al. found a negative association
for working 9-32 h/week (—8.5% to —11.7%), but a positive
association for working >33h/week (+8.7% to +22.7%)
[36]. In contrast, two studies reported protective effects
for working >40 and >48h/week compared to working
less than 40 and 48 h/week, with OR reductions of 8% and
19% [27, 34].

« Occupational sector exposures included multiple
sectors with categorisation varying by profession, de-
partment, or work task. In healthcare, univariable anal-
ysis showed an increased CD risk in high-exposure jobs
compared to lower-exposure jobs. Statistically significant
associations were found for pharmacists (OR 2.64) [22],
nurses (OR 1.41) [22], doctors (OR 1.36) [22], regular ward
staff (OR 2.23) [26], and surgery department staff (OR
1.8) [28] compared to lower-exposed allied practitioners
and health staff from the outpatient department. After
adjustment, the direction and strength of the association
varied. In some studies, the ORs increased after adjust-
ment, while in others, they decreased. Doctors (OR 1.93)
[22] and pharmacists (OR 3.69) [22] showed increased CD
risk compared to other allied practitioners [22]. The spe-
cial unit and regular ward departments showed a decrease
in OR by 41% and 39% [26], respectively, compared to
other outpatient departments, as did nurses (—14.9%) and
hygienists (—20.8%) [22, 27]. Among dental professionals,
technicians exhibited the highest risk, with male dental
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FIGURE 4

OR

Study with 95% CI
Brands 2022

Unadjusted [ ] 1.92[ 1.70, 2.17]
S, A, AD, CA, WWH, OWW [ 148 1.29, 1.69)
S, A, AD, CA, WWH, EDU, INC, OWW, ES, WH 0 153[ 1.31, 1.78)
Lund 2020

Unadjusted O 222[ 197, 251]
S. A, RCU4 [ 275( 243, 3.11]
S, A, EDU, INC, RCU4, RES, AD, PPT, SM 0 250( 220, 2.85]
Hamnerius 2018

Unadjusted = 1.60[ 1.35, 1.90]
S, A - 150 1.24, 1.81]
S. A, WWH - 1.42[ 114, 1.77)
S, A, WWH, BMI, SM,ST - 1.42[ 113, 1.78]
S, A, WWH, BMI, SM,ST, AD - 147 114, 1.89]
Hamnerius 2021

Unadjusted " o 159 1.36, 1.85]
S, A, AD, WWH, FMH, WH - 1.33[ 1.10, 1.61]
Unadjusted ®) = 141 1.22, 1.63]
S, A, AD, WWH, FMH, WH - 1.03[ 0.84, 1.26]
Minamoto 2016

Unadjusted —— 1.40[ 0.99, 1.98]
S, AD, AS, ARC, DS, MA, OCC, WH, WE, HWF, DIS — 1.20[ 075, 1.92]
Lee 2013

Unadjusted —— 202[ 1.12, 3.65]
A, AD, DEP, WE, ND, HWF i 1.99[ 1.01, 3.92)
Huang 2020

Unadjusted 1.59[ 0.69, 3.65]
S, CCU4, FA, AC, HWF, DIS, HDU 1.47[ 0.66, 3.28]
Mekonnen 2019

Unadjusted ") 1.70[ 040, 7.22]
EDU, INC, PHA, WE, WH, HWF, JS, PG, PME, OSHT —— 151 0.58, 3.94]
Unadjusted ? —>40.00[ 17.98, 89.00]
EDU, INC, PHA, WE, WH, HWF, JS, PME, OSHT, GWT —_—

Protective effect | Adverse effect

Legend on next page.

T
2 8

32

9sUddIT suoWWOo) dAneal) a|qedijdde ayy Aq pausanob ale sapdle YO ‘asn Jo sajnJ 1oy Aleiqi] auljuo

322[ 1.90, 5.45]

22

Contact Dermatitis, 2026

As11m uo (suonipuod-pue-suiial/wodAapimAieiqiauljuo//:sdiy) suonipuo) pue suud) 8y3 93s ‘[9202/20/€1] uo Aieiqry suluo As)Im ‘INAIY A8 "0€00L PO3/LLLL OL/1op/wodAsimAleiqijauljuo//:sd1y woly papeojumoq ‘| ‘5202 ‘9500091



FIGURE4 |
refer to distinct exposures reported within the same study. These correspond to the specific exposures listed under the same reference in Table 2. S,

Forest plot of unadjusted and adjusted odds ratios for the exposure category “glove use” across studies. Superscript numbers 1 and 2

sex; A, age; AD, (history of) atopic dermatitis/eczema; CA, contact allergy; WWH, wet work at home; OWW, occupational wet work; EDU, educa-
tional attainment; INC, income; ES, employment status; WH, working hours per day/week; RDC4, resident children under 4; RES, residence; PPT,
positive patch test; SM, (estimate of) smoking; BMI, Body Mass Index; ST, stress; FMH, face mask use at home; AS, asthma; ARC, allergic rhinocon-
junctivitis; DS, dry skin; MA, metal allergy; OCC, occupation; WE, work experience; HWF, hand washing frequency; DIS, alcohol-based hand scrub
disinfectants (use/frequency); DEP, work department; ND, night duty; FA, food allergy; AC, allergic conjunctivitis; HDU, frequent hair dye use; PHA,
personal history of allergy; JS, job satisfaction; PG, pairs of gloves used per day; PME, periodic medical examination; OSHT, occupational safety and

health (OSH) training; GWT, glove wear time.

technicians showing a significantly higher incidence rate
ratio (IRR 3.6) compared to females (IRR 2.4), suggesting
greater susceptibility among males [39].

« Exposure to specific hazardous substances such as
hair dye, epoxy, and fumes was mostly reported in bi-
nary (i.e., yes/no) formats or rough frequency categories
and linked to an increased CD risk. Notable univariable
associations were found for hair dye (OR 6.53) [25] and
epoxy (OR 2.39) [42]. Dust exposure showed a dose-re-
sponse association, with everyday exposure (OR 3.6)
having the highest risk [30]. After adjusting for non-work-
related susceptibility factors and work-related factors, two
studies showed decreased odds, particularly for hair dye
(—40.7%) [25] and epoxy (-=10.9%) [42], while two others
reported increased odds, such as for moderate dust expo-
sure (+48.5%) [30] and occupational exposure to gas, dust,
or fumes (+20.2%) [40].

4 | Discussion
4.1 | Summary of Evidence

This scoping review identified a wide range of non-work-related
susceptibility factors that may influence the association be-
tween work-related exposures and CD. Identified factors include
demographic (e.g., sex, age, residence, number of siblings), so-
cioeconomic (e.g., education, income), personal/family atopic
conditions (e.g., general atopy, AD, hand eczema), lifestyle (e.g.,
smoking, alcohol consumption, BMI, stress levels), and expo-
sures outside work (e.g., wet work, glove use, and seasonal con-
ditions). Fifteen studies also adjusted for additional work-related
factors besides the main exposure, such as workplace exposures
and behaviours related to exposure and prevention. After ac-
counting for these factors, the association between the work-
related exposures and CD changed; however, their effect and
direction on the association varied widely. There was also con-
siderable variation in the type and number of factors adjusted
for across studies.

4.2 | Interpretation of the Findings

This scoping review demonstrates that associations between
work-related exposures and CD are influenced by adjustments
for both non-work-related susceptibility factors and additional
work-related variables. Sex, age, and personal or family atopic

conditions were among the most frequently adjusted variables.
However, the heterogeneity among the studies did not allow for
pooling effect estimates for these factors, highlighting the need
for more (standardised) reporting in this area.

Our findings, while distinctive in terms of study objective (i.e.,
individual susceptibility), align with existing literature on CD
risk factors such as sex, age, and atopy. ICD is more prevalent
among women due to higher exposure to irritants in certain
occupations and household activities [15, 43]. While experi-
mental studies found no difference in irritant reactivity be-
tween sexes, structural differences in skin—such as thicker
epidermis in males—may contribute to sex-based susceptibil-
ity [39, 44, 45]. Interestingly, one study found that male dental
technicians were more susceptible to CD than females [39]. Age
also showed inconsistent associations with CD. Some studies
reported a decreased risk among older individuals, possibly due
to reduced skin sensitivity. Other studies found a higher risk
among younger workers, potentially related to their lack of ex-
perience and limited use of protective equipment [15, 24, 43].
Additionally, epidemiological studies have shown that individu-
als with a history of AD are at increased risk of developing ICD,
and potentially ACD, likely due to a compromised skin barrier
that allows irritants and allergens to trigger immune and in-
flammatory responses [6, 46]. Other atopic conditions, such as
asthma, allergic rhinitis, and food allergies, may also influence
susceptibility through aberrant immune responses, although
the direct role of these atopic conditions on CD is less clear [40].

The findings show substantial variation in how both non-work-
related susceptibility factors and work-related factors influenced
the association between work-related exposures and CD. In
some studies, adjustment increased the observed risk, while in
others, adjustment led to a protective effect. This variation high-
lights the complexity of studying the contribution of individual
susceptibility factors to the association between work-related ex-
posures and CD. Differences in study design, population char-
acteristics, exposure assessment, and adjustment strategies may
contribute to these inconsistencies.

Furthermore, most studies primarily aimed to examine the as-
sociation between irritant and/or allergic exposures and CD, or
to develop prediction models designed to estimate an individ-
ual's risk or likelihood of developing CD based on relevant ex-
posures and susceptibility factors. While adjusting for multiple
factors is essential to avoid obscuring the association between
exposure and outcome, it complicates the interpretation of each
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Study

OR
with 95% CI

Hamnerius 2018
Unadjusted

S A

S, A, WWH

S, A, WWH, BMI, SM,ST

S, A, WWH, BMI, SM,ST, AD

Hamnerius 2021
Unadjusted
S, A, AD, WWH, FMH, WH

Teo 2023
Unadjusted
AD, AR, CCU4, HM, HWF

Minamoto 2016
Unadjusted
S, AD, AS, ARC, DS, MA, OCC, WH, WE, HWF, GWT

Huang 2020
Unadjusted
S, CCU4, FA, AC, HWF, HDU

Tesfaye 2022
Unadjusted
S, HE, HWF, PME, OSHT, JS
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Forest plot of unadjusted and adjusted odds ratios for the exposure category “hand hygiene and sanitisation practices (HHS)” across

studies. S, sex; A, age; WWH, wet work at home; BMI, Body Mass Index; SM, (estimate of) smoking; ST, stress; AD, (history with) atopic dermatitis/

eczema; FMH, face mask use at home; WH, working hours per day/week; AR, allergic rhinitis; CCU4, children care under four; HM, hand moistur-

iser; HWF, hand washing frequency; AS, asthma; ARC, allergic rhinoconjunctivitis; DS, dry skin; MA, metal allergy; OCC, occupation; WE, work

experience; GWT, glove wear time; FA, food allergy; AC, allergic conjunctivitis; HDU, frequent hair dye use; HE, (history with) hand eczema; PME,

periodic medical examination; OSHT, occupational safety and health (OSH) training; JS, job satisfaction.

factor's specific contribution. Consequently, the studies included
in this review support conclusions only about the combined
effect of all adjusted variables, rather than the distinct impact
of individual factors. Notably, most studies did not justify their
selection of covariates in multivariable analyses, leaving it un-
clear whether important variables were deliberately excluded for
valid reasons or whether unnecessary (over)adjustments were
made. Moreover, none reported assessing potential correlations
between adjustment factors prior to model inclusion, which may

have introduced statistical biases and led to misinterpretation
of associations related to the work-related exposure(s) of inter-
est [47]. Furthermore, we found that 20 studies presumably ad-
dressed confounding by adjusting for various factors, with only
one addressing effect modification and none for mediation. This
highlights the need for more studies on individual susceptibil-
ity, with a specific focus on providing a clear rationale for the
inclusion of adjustment factors and determining their role in the
association between work-related exposures and CD.
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4.3 | Strengths and Limitations

A key addition of this review is its focus on how non-work-
related susceptibility factors and work-related factors influence
the association between work-related exposures and CD. To iso-
late these effects, we included only studies that reported both
adjusted and unadjusted estimates. While this approach en-
hanced the precision of our analysis, it significantly reduced the
number of eligible studies for our review.

The inclusion of mostly cross-sectional studies presents some
potential limitations, although it is not clear to what extent this
affected the effect of susceptibility on the adjusted analyses.
These studies allowed investigation of individual susceptibil-
ity factors, particularly for ACD, using patch tests and registry
data. However, they are subject to selection and recall biases, as
workers with severe CD might leave high-risk occupations (i.e.,
healthy worker survivor bias), and these studies often relied on
self-reported data [27].

A major challenge of this scoping review was the limited num-
ber of studies specifying whether the type of CD was primarily
irritant or allergic. Most studies were labelled as mixed CD, but
uncertainty about the diagnosis was present. Some exposures
include irritants and/or allergens at the same time, and it was
often unclear whether individuals had ICD, ACD, or both [48].
The definitions and criteria for diagnosing mixed occupational
CD are not standardised and need careful clinical (including
allergen patch testing) and exposure assessment, which was
largely lacking in the included studies. Additionally, the lack of
separate analyses for the effects on ACD and ICD represents a
limitation in the current evidence base.

Another limitation was the inconsistent definitions of work-
related exposures and individual susceptibility factors, as re-
ported in other studies [6, 9, 43]. For example, “wet work” has
been defined in various ways, from broad descriptions like “con-
tact with wastewater” to specific thresholds such as “washing
hands > 50 times daily” or “having wet hands for >2 h/day.”
Diepgen et al. also observed similar variability for “atopy,”
which limits comparability and generalizability [9].

4.4 | Implications for Research and Practice

Prospective cohort or case-control studies are needed to exam-
ine the moderating effect of susceptibility factors in the associa-
tion between work-related exposures and CD. Research should
isolate the impact of individual susceptibility factors. Although
evidence for the role of non-work-related susceptibility factors
in the development of CD remains limited, it is advisable to con-
sider susceptibility factors when evaluating the association be-
tween work-related risk factors and CD. In particular, age, sex,
history of AD and hand eczema, smoking status, and ethnicity
may influence individual susceptibility to occupational CD, as
these factors can affect both the integrity of the skin barrier
and the immune response—key elements in the pathogenesis
of CD. Identifying these factors as moderating or confounding
factors in epidemiological studies may improve the accuracy of
exposure-risk estimates for CD. Harmonising and incorporating
standardised susceptibility factors when examining the causal

relationship between work-related exposures and CD is crucial.
Additionally, standardising definitions for work-related expo-
sures and CD diagnostics will enhance study comparability and
improve diagnostic precision.

When developing programmes for the prevention, diagno-
sis, and treatment of occupational CD, it is advisable to con-
sider non-modifiable factors alongside modifiable factors like
smoking status. Non-modifiable factors help identify high-risk
individuals, while modifiable factors offer intervention opportu-
nities, making them essential for effective prevention strategies.

5 | Conclusion

In conclusion, while susceptibility factors are often adjusted
for, their exact impact and direction on the association be-
tween work-related exposures and CD remain inconclusive.
Most studies account for various work- and non-work-related
factors, complicating the isolation of their individual contribu-
tions. Despite limited evidence for non-work-related suscepti-
bility factors in developing CD, factors such as age, sex, history
of AD and hand eczema, smoking status, and ethnicity should
be considered when studying the association between work-
related exposures and CD. Additionally, our review highlights
the need for more research investigating the role of individual
susceptibility factors and to standardise adjustment factors
and achieve greater consensus to distinguish between ICD
and ACD.
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